Canines may be sentinels and/or reservoirs for human Trypanosoma cruzi exposures. This study adapted a method originally designed for human diagnostics to detect serum immunoglobulin G to T. cruzi in canines. The method combined an enzyme-linked immunosorbent assay (ELISA) for screening and flow cytometry detection of anti-live trypomastigote antibodies (ALTA) for confirmation. The assays were optimized by using known positive and negative control canine sera, and cutoff values were established. The ELISA and ALTA assay easily distinguished between reactive (positive controls) and nonreactive (negative controls) sera and were used to test sera collected in a cross-sectional seroprevalence survey of 356 domestic canines from Harris County, Tex., and the surrounding area. Fifty-three (14.9%) of 356 asymptomatic canines in the survey were positive by ELISA, and 5 (1.4%) were confirmed positive with the ALTA assay, with an additional 4 (1.1%) canines classified as "suspect positive." Thus, the overall prevalence of T. cruzi antibodies in this population was 2.6%. This is the first U.S. study to use the combination of ELISA and ALTA to detect serum antibodies to T. cruzi and the first report of the prevalence of T. cruzi infection in domestic canines in the Houston, Tex. (Harris County), region. Our results demonstrate that the combination of ELISA and ALTA has been successfully adapted for use in testing canines for serological evidence of T. cruzi infection. Seroprevalence survey results suggest that T. cruzi antibody-positive domestic canines in the peridomestic setting are present in the Houston, Tex., region and further suggest that T. cruzi is enzootic in the region.
American trypanosomiasis (Chagas' disease) is a zoonotic disease caused by the protozoan parasite Trypanosoma cruzi, which is transmitted by hematophagous triatomine (reduviid) insects. The parasite is transmitted when vector feces containing metacyclic trypomastigotes is inoculated into the insect's bite site through scratching. In animals, transmission may also occur via ingestion of the infected reduviid. The parasite is endemic throughout Latin America and is a major cause of morbidity and mortality in the western hemisphere. According to the World Health Organization, an estimated 16 to 18 million persons are chronically infected with T. cruzi, and up to 50,000 deaths annually result from T. cruzi infection (26) (27) (28) . The first naturally transmitted case in the United States was reported in Corpus Christi, Tex., in 1955 in a 10-month-old child residing in a triatomine insect-infested house (49, 51) . There have since been four indigenous human cases of Chagas' disease reported in the United States (two in Texas, one in California, and one in Tennessee) (23, 27, 40) . Further, serological evidence of T. cruzi infection was found in 6 (2.5%) of 237 residents and in 6 (60%) of 10 dogs from the vicinity of the patient in California (36) , and the case in Tennessee was associated with serological evidence of T. cruzi infection in a domestic canine owned by the patient's family, as well as the finding of an infected reduviid insect within the household (23) . Dogs are considered important reservoirs for the transmission of T. cruzi in Latin American countries and in some areas of the United States (7, 20, 21, 35, 43) and serve as natural surveillance sentinels in areas of Latin America where vector control campaigns have been conducted (14, 22) .
Studies conducted in Texas have found T. cruzi infection in a number of reduviid insects. For example, T. cruzi infection was found in 286 (33.3%) of 859 reduviid insects sampled in southern Texas between 1941 and 1947 (41) , and a 1978 survey in the lower Rio Grande Valley of Texas found that 22 (22.6%) of 84 reduviid insects were infected with T. cruzi (12) . The persistence of T. cruzi in southern Texas triatomines was recently confirmed when approximately 80% (24 of 31) of the insects from a single residence were found to be infected (9) . Seroprevalence studies of wild animals in the southern United States have detected T. cruzi infection in triatomines, coyotes, badgers, raccoons, armadillos, opossums, wood rats, and mice in Texas, California, Louisiana, Oklahoma, Alabama, Maryland, South Carolina, and Georgia (6, 12, 25, 48, 50) . Seropositive dogs have been detected in both domestic and stray canine populations in Texas, Oklahoma, Louisiana, Virginia, and other southern states (7, 8, 10, 19, 44) . Estimates of seroprevalence in stray-canine populations in the lower Rio Grande Valley of Texas range up to 8.8% (9, 12 A number of approaches have been used in the diagnosis of Chagas' disease, including xenodiagnosis, serological assays, and molecular detection methods. The use of serological assays, including radioimmunoprecipitation assay, direct and indirect hemagglutination, indirect immunofluorescent-antibody (IFA) testing, enzyme-linked immunosorbent assay (ELISA), and various combinations of these tests, has been described for the diagnosis of T. cruzi infection in canines (8, 10, 20, 21, 29, 30, 34, 52, 52) . These serological tests have high sensitivity; however, their specificity may be low because of antigenic cross-reactivity with other parasitic species, such as Leishmania spp. Cross-reactivity is especially problematic when assays are based on epimastigote lysates. Intact, fixed T. cruzi epimastigotes are more specific but are still cross-reactive with T. rangeli (39) . More recently, the PCR assay has been used to detect T. cruzi DNA in the blood and tissue of infected dogs (2, 10, 31). The PCR assay has shown a variable degree of efficiency in the detection of T. cruzi infection. Avila et al. found the sensitivity of the PCR assay to be 100% compared with serological results in a population of chronic chagasic and non-chagasic human patients (4). However, Junqueira et al. obtained positive PCR assay results in only 59.4% of seropositive human Chagas' disease patients from a region of Brazil where the disease is endemic. Likewise, Britto et al. found that the PCR assay detected parasite DNA in only 44.7% of a population of human patients who were positive by three separate serological assays (indirect IFA testing, ELISA using the cytosolic epimastigote fraction, and ELISA using recombinant T. cruzi proteins) (11, 24) .
The use of flow cytometry detection of anti-live trypomastigote antibodies (ALTA) for the diagnosis of Chagas' disease and detection of parasitologic cure in humans has been described (15, 32) . Recently, Araujo et al. compared flow cytometry (ALTA assay) with PCR analysis and other, more conventional diagnostic methods in chronically, experimentally infected canines. In these dogs, at least two serial serum samples and up to nine repeated PCR assays per sample were required to obtain positive PCR results compared to the ALTA assay and ELISA, both of which yielded positive results with all of the samples tested. In contrast, xenodiagnosis and hemoculture were positive in only 11 and 22%, respectively, of the chronically infected canines (2) .
The purpose of this study was to optimize the (screening) ELISA by using intact, fixed epimastigotes and the flow cytometry (confirmatory) assay by using ALTA for testing canine sera. Secondly, the combination of a screening ELISA and the ALTA confirmatory test was used in a serological study of a domestic canine population in Harris County (Houston), Tex.
(This research was conducted in partial fulfillment of the requirements for the degree of Master of Public Health [S. V. Shadomy].)
MATERIALS AND METHODS
Collection of canine sera. Fourteen ZIP code areas covering northwestern Harris County, Tex., and adjacent regions were chosen as the study area for the seroprevalence survey. Veterinary clinics in the study area were identified by using two separate Internet search engines and the regional business directory. Clinics were then randomized, contacted by investigators, and invited to participate.
Serum samples of unknown T. cruzi antibody status were collected from 356 domestic canines visiting 11 clinics. Clients were asked by the attending veterinarian to participate in the study. Dogs were eligible for inclusion in the study if (i) the owner resided within the study region as verified by the ZIP code of the residence, (ii) the dog was determined to be healthy at the time of the clinic visit by the veterinarian, (iii) the dog was 6 months of age or older, and (iv) routine venipuncture was to be performed during the clinical visit, either for evaluation of canine heartworm (Dirofilaria immitis) infection status, for health screening for elective surgical procedures, or for other routine clinical purposes.
Veterinary staff obtained a 2-to 3-ml blood sample by venipuncture from each dog enrolled in the study; blood was collected in serum separator tubes (Sherwood Medical Co., St. Louis, Mo.). Blood samples were centrifuged after clotting and stored at 4°C at the clinic until they were transported (weekly) to the Center for Infectious Disease, University of Texas-Houston Health Science Center School of Public Health for analysis. This study was approved by the University of Texas-Houston Health Science Center Animal Welfare Committee and Committee for the Protection of Human Subjects.
Positive control sera (kindly provided by O. Martins-Filho, Centro de Pesquisas Rene Rachou, Oswaldo Cruz Foundation, Belo Horizonte, MG, Brazil) were collected from seven Brazilian dogs experimentally infected with the CL strain of T. cruzi. These sera were collected at time points between 28 and 55 days postinfection or from chronically infected dogs. A pool of positive control sera was made with equal volumes of serum from the seven experimentally infected dogs. A negative control serum was obtained from a local domestic canine with no known history of exposure to American trypanosomiasis and which tested negative for antibodies to T. cruzi at the TVMDL. Additional sera used to further evaluate the assays were obtained from three domestic canines that tested negative for antibodies to T. cruzi at the TVMDL (sera kindly provided by D. Jordan, Houston, Tex.; S. L. Hurwitz, Austin, Tex.; and D. W. Tinkey, Houston, Tex.). For these three domestic canines, serologic testing for T. cruzi infection was performed during clinical evaluation or because of a family history of cardiac disease; however, other etiologies were identified during the diagnostic evaluation and Chagas' disease was ruled out by exclusion.
Cultivation of parasites. T. cruzi epimastigotes were cultivated for use as the antigen for the screening ELISA as follows. Liver infusion tryptose (LIT) medium was prepared with 10% fetal bovine serum (FBS), 100 U of penicillin per ml, 100 g of streptomycin per ml, and 40 g of gentamicin per ml. T. cruzi CL strain trypomastigotes (kindly provided by O. Martins-Filho) were used to inoculate LIT medium (10 7 parasites in 10 ml of medium), and the culture was incubated at 28°C in 50-ml conical polycarbonate tubes (Sarstedt, Inc., Newton, N.C.). The tubes were gently agitated daily to aerate the medium. After 14 days, epimastigotes were observed in the medium and the culture was expanded to a 25-ml total volume. The epimastigotes were passed to fresh medium every 10 days and harvested during the exponential growth phase on day 8, 9, or 10 postpassage for use as the antigen in the ELISA. The culture was clarified of cellular debris by centrifugation at a relative centrifugal force of 134 for 10 min at room temperature, and the epimastigotes were washed three times in 25 ml of 0.15 M phosphate-buffered saline (PBS), pH 7.2, containing 2% bovine serum albumin and 0.02% sodium azide. Parasites were fixed by mixing with an equal volume of 4% paraformaldehyde in PBS and incubated overnight at 4°C. The fixed parasites were washed twice in PBS, resuspended in 10 ml of PBS with 0.02% sodium azide, and stored at 4°C.
T. cruzi CL strain trypomastigotes were cultivated in an enterocyte cell line for use as the antigen in the flow cytometry confirmation assay as follows. HCT-8 human ileocecal adenocarcinoma tumor cells (American Type Culture Collection, Manassas, Va.) were incubated in RPMI 1640 medium (Sigma Chemical Co., St. Louis, Mo.) containing L-glutamine, 5% FBS and 8 g of gentamicin per ml at 37°C in 75-cm 2 polystyrene tissue culture flasks (Corning Glass Works, Corning, N.Y.). Once the enterocytes adhered to the flask surface and formed a 5 to 10% confluent monolayer, the medium was replaced with RPMI medium containing 10% FBS, and 10 7 trypomastigotes were added to the medium. The flasks were incubated at 37°C for 24 h before the medium was replaced with RPMI medium containing 5% FBS. Flasks were further incubated at 33°C, and trypomastigotes were harvested on day 5, 6, or 7 postinfection at the peak of the first-generation trypomastigote release from the infected monolayer. Harvested trypomastigotes were removed from culture supernatant by centrifugation at a relative centrifugal force of 1,010 for 10 min at 4°C and washed three times in 25 ml of PBS containing 10% FBS. Live trypomastigotes were then resuspended in PBS-10% FBS, and the trypomastigote concentration was determined with a hemacytometer. The suspension was then adjusted to 5 ϫ 10 6 trypomastigotes per ml and used immediately as the antigen in the flow cytometry assay.
Screening ELISA. Canine serum samples were tested for antibodies to T. cruzi by using a modification of protocols previously described (1, 8, 29) . Fixed whole epimastigotes were washed and resuspended at a concentration of 500,000 epimastigotes per ml in 0.05 M carbonate buffer, pH 9.6. A volume of 100 l was added to each well of a 96-well polycarbonate microtiter plate (Nalge-Nunc NUNC-Immuno Plates with MaxiSorp Surface; Nalgene-Nunc, Rochester, N.Y.), and the plate was incubated at 37°C for 1 h and then incubated overnight at 4°C. On the following day, the plate was washed with ELISA wash buffer containing 0.15 M PBS (pH 7.2) with 0.1% polysorbate 20 (Tween 20) (ICI Americas, Inc., Wilmington, Del.) for three cycles in an automatic plate washer (TiterTek Smartwash 3; Titertek, Huntsville, Ala.). Blocking buffer (200 l) consisting of 5% nonfat powdered milk in ELISA wash buffer was added to the plate wells, and the plate was incubated at 37°C for 90 min. The plate was washed as described above, and 100 l of canine serum diluted in blocking buffer was added to wells. The pooled positive control sera and the negative control serum were tested in triplicate on each plate. Reagent controls and canine serum samples of unknown antibody status were each tested in duplicate. The plate containing canine sera was incubated at 37°C for 60 min and washed as described above. Horseradish peroxidase-labeled goat anti-dog immunoglobulin G (IgG; 100 l; ICN Pharmaceuticals, Aurora, Ohio) diluted 1:2,000 in blocking buffer was added to each well. The plate was incubated at 37°C for 60 min and then washed free of unbound antibody. Each well then received 50 l of 2,2Ј-azinobis(3-ethylbenzthiazolinesulfonic acid) (ABTS) (6) activated with freshly added 0.05% hydrogen peroxide. Absorbances (414 nm) were monitored at 0, 3, 5, 10, 15, and 30 min postreaction with an automated plate reader (TiterTek MultiScan MCC/340). Results were expressed as the mean absorbance of duplicate (unknown sera) or triplicate (positive and negative control sera) wells.
The screening ELISA was optimized by using a checkerboard dilution pattern of pooled sera from experimentally infected dogs or serum from a confirmed negative dog versus various concentrations of epimastigote antigen. Antigen concentrations ranged from 7,500 to 100,000 epimastigotes per well, and sera were serially diluted 1:20 to 1:640. Two repetitions of this experiment were conducted.
For screening unknown canine serum samples, 50,000 epimastigotes per well and serum dilutions of 1:80 and 1:160 were used on all plates. The mean absorbance values for the positive (pooled) and negative control sera on each plate were compared to monitor plate-to-plate variation and reliability. To categorize unknown canine serum samples, a cutoff value for positivity was empirically established as a mean absorbance value Ն1.5 times the mean absorbance of the negative control on the same plate. The cutoff value was determined for each ELISA plate to standardize for possible variation.
Flow cytometry (ALTA) assay. Flow cytometric analysis for the ALTA assay was performed as described by Martins-Filho et al. (32) , except that canine sera were used in place of human sera and fluorescein isothiocyanate (FITC)-labeled mouse anti-dog IgG (1:400 dilution; Oswaldo Cruz Institute/Bio-Manguinhos, Rio de Janeiro, Brazil) was substituted for FITC-labeled anti-human IgG. Samples were analyzed with a Coulter/EPICS XL flow cytometer (Coulter Corporation, Miami, Fla.). For each assay, 10,000 events were analyzed and the trypomastigotes were identified and selectively gated on the basis of their specific forward and side light-scattering properties. The data were expressed as the relative percentage of positive fluorescent parasites (PPFP), and each serum sample was analyzed in duplicate to yield a mean PPFP. The WinMDI software package was used for both flow cytometry data storage and analysis.
The optimum antigen and serum concentrations were determined by using 500,000, 250,000, and 125,000 live trypomastigotes per reaction versus twofold serial dilutions (1:32 to 1:2,048) of positive (pooled) or negative control sera. PPFP cutoff points were determined with 14 repetitions of the negative control. A positive result was defined as a PPFP that exceeded 3 standard deviations (SD) above the mean negative control value.
Data analysis. The chi-square test or Fisher's exact test was used to compare categorical variables, and Student's t test (with the Welch correction, when warranted) was used for continuous variables. All calculations and statistical comparisons were done with the SAS, version 8, software (SAS Corporation, Cary, N.C.).
RESULTS
Optimization of the ELISA. The checkerboard titration pattern compared the degree of reactivity between various epimastigote antigen concentrations and serum antibody dilutions (data not shown). The highest signal-to-noise ratios (5.24, 5.43, and 5.88) between the positive and negative control sera occurred when Ն25,000 epimastigotes at serum dilutions of 1:80, 1:160, and 1:320, respectively, were tested. Tests of 356 canine sera of unknown T. cruzi antibody status were done with an antigen concentration of 50,000 epimastigotes per well and serum dilutions of 1:80 and 1:160. Including data from all of the microtiter plates (n ϭ 12) used in the serological tests, the net absorbance (i.e., minus that of the reagent control) for the positive and negative control sera yielded mean optical densities of 1.040 Ϯ 0.067 (standard error of the mean [SEM]) and 0.213 Ϯ 0.174 (SEM), respectively. These absorbances of positive and negative control sera were significantly different (P Ͻ 0.0001). Positive (pooled) and negative control sera or sera from five acutely infected dogs or one chronically infected dog were tested with serum dilutions of 1:10 to 1:1,280 (Fig. 1) . Acutely infected dogs yielded lower reactivity than the chronically infected dog and showed a general trend of increased reactivity as the duration of the infection increased.
Optimization of the flow cytometry ALTA assay. The antigen titration curve (500,000, 250,000, and 125,000 live trypomastigotes per ALTA reaction) with positive control sera (pooled) yielded PPFPs of 38.1, 34.8, and 32.0%, respectively (data not shown). The highest signal-to-noise ratios were obtained at 250,000 and 500,000 trypomastigotes per reaction, and 500,000 trypomastigotes were used thereafter. The interassay variabilities of the positive and negative control sera were 87.1 Ϯ 3.32 (SEM) and 2.13 Ϯ 0.660 (SEM), respectively (P Ͻ 0.0001). Serum titration curves with twofold serial dilutions (1:32 to Repetitions (n ϭ 14) of the ALTA assay performed with the negative control serum (at a 1:256 dilution) yielded a mean PPFP of 2.90% Ϯ 1.97% (SD). The cutoff value for a negative result was set as the mean PPFP plus 3 SD, which equaled a PPFP of 8.81%. Further, sera obtained from the three local domestic canines that tested negative for antibodies to T. cruzi at the TVMDL also yielded negative results (PPFPs ϭ 1.0, 2.1, and 2.7%) in the ALTA assay (Fig. 3) . Mean PPFPs for positive control sera (1:256) from six experimentally infected dogs ranged from 18.1 to 91.7% (Fig. 3) . The lowest mean PPFP for any experimentally infected dog was 18.1%, a value associated with the most acutely infected dog. Because of the lack of clinical confirmation of serological results, PPFPs between 8.81 and 18.1% were considered "suspect positive" to avoid potential misclassification as true positives. Seroprevalence survey of domestic canines from the Harris County, Tex., region. Canine sera collected for the seroprevalence survey were tested at a 1:80 dilution with the ELISA. All survey samples with positive ELISA results and 30 randomly selected survey samples with negative ELISA results were retested at a dilution of 1:160. Of the 356 samples tested at a dilution of 1:80, 53 (14.89%) were considered positive in the screening ELISA. Thirty-four (64.2%) of the 53 samples positive in the ELISA at a 1:80 dilution were also positive at a 1:160 dilution. All 30 sera that were negative at the 1:80 dilution were also negative at the 1:160 dilution ( Table 1) .
The 53 samples testing positive in the ELISA were tested by flow cytometry ALTA assay for confirmation of results (Fig. 3) . Of these samples, 44 were considered to be negative, with an average PPFP of 1.83%. Nine sera yielded values above the cutoff point of 8.81%. Of these, five samples (1.4%) had a mean PPFP that fell within the range of PPFPs from dogs serving as positive controls. The remaining four sera (1.1%) fell between the 8.81% cutoff and the lowest value (18.1%) from a dog with a confirmed infection. These sera were considered to be suspect positives. Thus, the overall prevalence of T. cruzi antibodies in this population of 356 asymptomatic dogs, including the suspect positives, was 2.6%. b An additional four samples (1.2%) were suspect positive, increasing the percent positive value to 2.6%.
DISCUSSION
Central and South American countries ensure that human infections are present in the United States but may remain undetected. When human cases have occurred in the United States, the family dog has often been found to be infected (23) . Thus, dogs may act not only as sources of parasite transmission in the environment but also as sentinels for infected vectors that have the potential of feeding on humans. A high percentage of dogs with Chagas' disease suffer acute and/or chronic health problems; no effective drugs are currently available for treating T. cruzi infection in canines.
Undiagnosed human infections can be problematic since the parasite can be acquired congenitally and can be transmitted to others via the blood supply. Also, persons with chagasic heart disease should be specifically managed. Because it is difficult to study the human population, surveillance of T. cruzi in domestic canines may prove useful in assessing potential threats of human exposure. To date, however, no standardized testing methods for canine testing have been developed and used in a seroprevalence study.
It should be noted that proof of infection must rely on the direct visualization of parasites in tissues (often postmortem) or by finding the epimastigotes in laboratory-raised reduviid insects that have fed on the blood of animals or humans with suspected cases. Each of these methods has its own detection limits and associated problems. Serological assays are a convenient and practical method of detecting active infections with T. cruzi. In human infections, a positive diagnosis of Chagas' disease relies on two positive tests done with different methods (ELISA, IFA testing, or indirect hemagglutination). Diagnosis and/or prevalence studies of veterinary populations face the same difficulties.
The present study is the first to describe the use of flow cytometry detection (ALTA assay) in the testing of canines for American trypanosomiasis in the United States. This is also the first study to report a seroprevalence estimate of T. cruzi infection in a population of owned, asymptomatic domestic canines in Texas. The results indicate that the combination of the ELISA as a screening assay with confirmation testing by flow cytometry (ALTA assay), previously used for human studies, can be adapted for use in canine population studies. This combination of screening and confirmatory methods should be valuable in diagnosing T. cruzi infection in domestic canines and in conducting population surveillance studies.
Previous studies of T. cruzi infection in canines in the United States have used a variety of test protocols, many with fixed epimastigote or trypomastigote antigens. Although sensitivity may be high with fixed parasite antigens, specificity is typically low because of cross-reactivity with other parasites. This is especially important in assays that use fixed epimastigote antigens (39) . In contrast, the antigen that we used in the screening was intact epimastigotes, which limited antibody reactivity to surface proteins and decreased the amount of expected cross-reactivity.
The flow cytometry ALTA assay was used to confirm the screening test results. This method has an increased specificity, an important factor in conducting seroprevalence studies. The greater specificity of this assay results from the use of intact live parasites (2, 15) , which even further reduces the opportunity for nonspecific cross-reactivity. In this assay, surface proteins on live trypomastigotes are recognized by specific antibodies from the host. Because the trypomastigotes are amplified in cultured cells, they provide a convenient and consistent source of antigen for the flow cytometry assay. Although a number of serological assays with recombinant or purified parasite antigens have been described for use in diagnosing T. cruzi infection in humans (16-18, 37, 38, 45, 46) , these assays have not been adapted or standardized for use with canine sera. Thus, we chose to combine the ELISA and ALTA assay systems in order to minimize the occurrence of false negatives with the screening assay (ELISA) and eliminate potential false positives with the confirmatory (ALTA) assay.
In general, experimentally infected canines yielded absorbances and PPFPs that increased with the duration of the infection. In the ALTA, the experimentally infected dogs had PPFPs of 18.1 to 92.5%. The lowest value was consistent with the 20% PPFP cutoff value found in previous reports of human studies (2, 15, 32) . It is of note that the canines that were the source of the positive control sera used in this study were experimentally infected with the same T. cruzi strain used as the antigen in this study. The use of a South American strain of T. cruzi for the serological assays of Texas dogs may have contributed to the results obtained with the four suspect positive sera. That is, antigens from a local T. cruzi strain may have yielded higher values in animals with a locally acquired infection than did the South American strain of the parasite. Indeed, genetic divergence and antigenic variation between T. cruzi strains from various regions are known to occur (3, 5, 13, 42) . Therefore, the true prevalence may be closer to the 2.6% level that would include all of the positive sera, as well as the suspect positive sera.
The estimated seroprevalence of 1.4 to 2.6% detected in this study is lower than those found in many previous studies of American trypanosomiasis in canines in the United States and in stray canine populations in Texas. The prevalence estimate reported here may be influenced by the fact that the survey population consisted of healthy domestic canines; canines with possible clinical illness due to infection or other comorbid conditions were excluded from the study. These restrictions were placed on subject selection in an effort to limit crossreactivity from other clinical illnesses. Even so, only 9 (17%) of 53 ELISA-positive samples were confirmed by flow cytometry (ALTA assay). Thus, the selection of healthy domestic dogs is likely to underestimate the prevalence of infection in stray dog populations or those animals that have symptoms consistent with T. cruzi infection.
Another potential factor in underestimating the prevalence of infection may be related to the antigen source used in the serological tests. Parasites used in this study and in many others were from strains circulating in South America. Also, the positive control sera were from dogs that were infected with the homologous strain. In human populations, clinical manifestations of T. cruzi infection are known to vary with the strain of the parasite and geographic location. Likewise, serological differences may occur because of antigenic variation in epimastigote and trypomastigote surface proteins in the various parasite strains. Thus, use of a native North American strain of T. cruzi in the present study might have influenced the level of seropositivity detected in local canines. We are currently testing this hypothesis.
Asymptomatic dogs from domestic environments were cho-sen for this study, in part, as an indication of peridomestic exposure. Our study indicates that nine households had evidence of infected vectors in or near the household. Further, among the owners of dogs enrolled in the study who provided information, 38 (11.38%) of 334 indicated that they had seen reduviid insects around their premises (data not shown). This suggests that the cycle of T. cruzi transmission may be occurring in or around the household and may pose a potential health threat for the inhabitants. Further studies are needed to evaluate the prevalence of American trypanosomiasis in the domestic canine in the United States and to provide more information regarding exposure and risk factors for infection. Domestic dogs may serve as a sentinel for the presence of endemic T. cruzi in regions inhabited by reduviid vector species. Because of the potential public health risk suggested by these results, human serological studies are also needed to determine if T. cruzi infection exists in the human population in Texas, particularly along the Texas-Mexico border. Since Chagas' disease in humans can be asymptomatic for long periods of time and can be transmitted congenitally and through the blood supply, serological tests specifically designed for the United States will enhance our ability to identify infected individuals, provide appropriate medical care, and prevent unnecessary spread of infection to others. 
